###### Strengths and limitations of this study

-   This is the first study to focus on physical activity (PA) patterns (specific-intensity PA, waking steps, 10 min moderate-to-vigorous PA bouts) related to physical function among older adults in Taiwan.

-   Objective methods were used to assess PA patterns and physical functional components (mobility, muscle strength and standing balance) of older adults living in the community.

-   The results were adjusted for multiple confounding variables, including accelerometer wear time and sedentary time.

-   The sample size was relatively small.

Introduction {#s1}
============

Physical function (including mobility, muscle strength and standing balance) is an essential element in determining how older adults manage their daily errands and remain independent.[@R1] Evidence indicates a causal pathway from a reduction of the physical function to disability because a limited physical function contributes to negative health consequences, such as increased fall risk and physical frailty.[@R2] Taiwan had approximately 14.56% (3 433 517) people aged over 65 at the end of 2018, which is one of the fastest ageing rates in Asia.[@R3] In comparison to the rest of the globe, the prevalence of disability among older Taiwanese adults is increasing. Approximately 12.7% of the older Taiwanese population has a disability.[@R4] Therefore, given the importance of facilitating independence among Taiwanese older adults, deciphering strategies to improve physical function is a crucial target in designing interventions to prevent and mitigate disability in later life.

Many epidemiological studies have shown that daily physical activity (PA) positively affects physical function in older adults.[@R5] The health policy in Taiwan instructs older adults to engage in at least 150 min of moderate-to-vigorous PA (MVPA) each week as recommended by the WHO.[@R7] A previous study also recommended that older adults should engage in at least 300 min of light PA (LPA) weekly.[@R8] However, previous studies examining the associations between PA and physical function had limitations in several crucial aspects. First, despite the benefits of MVPA for physical function in older adults,[@R9] the proportion of older adults meeting the recommended MVPA guidelines was low, and rapid ageing further intensified the challenge.[@R11] Furthermore, a previous study indicated that pursuing LPA may be beneficial for health outcomes[@R8] such as lower-extremity performance[@R12]; however, it is unclear whether the amount of LPA is associated with other physical function components (upper and lower body strength, balance and mobility). Moreover, the current international guidelines emphasise specific PA patterns[@R7]; for example, long bouts of MVPA (lasting at least 10 min) are considered beneficial for the fulfilment of the MVPA guidelines and substantial health outcomes.[@R14] Furthermore, daily walking steps have benefits for older adults' health[@R15] and physical function.[@R17] However, to our knowledge, no study has simultaneously examined the independent contributions of daily specific-intensity PA duration, 10 min MVPA bouts and walking steps to physical function. This information can aid the development of tailored PA programmes that can be incorporated into older adults' daily lives.

Second, most of the existing evidence either provides a limited explanation of the association of PA with physical function owing to the use of self-report data of exposures, outcomes or both,[@R12] or limited information on overall physical function score.[@R10] Although some studies have objectively assessed PA and physical function in older adults,[@R18] these studies did not adjust for accelerometer wear time, a key confounding factor.[@R20] Concerning accelerometers, factors such as wear time and sedentary time could partly confound the associations between PA and health outcomes.[@R20] Therefore, it is imperative to study health risks inducing maximal adjustments for potential confounders. Another important research gap is that while PA levels and physical characteristics have been found to vary by gender,[@R13] few studies have separately identified the associations between PA and physical function by gender.[@R10] To our knowledge, no study has investigated the relationships of objectively assessed PA with physical function in Taiwan. Though the relationship between objectively assessed PA and physical function is evident in the USA[@R24] and other western countries,[@R19] it might vary according to different cultures and environments such as Taiwan, which has a high population density and where most people use public transportation.[@R26] To address the problems associated with Taiwan's rapidly ageing population and address the aforementioned research gap, we aimed to examine objectively assessed PA patterns (specific intensity, 10 min MVPA bouts, daily step counts) and physical function in the older Taiwanese population.

Methods {#s2}
=======

Participants {#s2-1}
------------

A cross-sectional study was conducted from April to September 2018. Data were collected from older men and women (65--87 years old) who lived in the community of Taipei City, Taiwan, and could walk independently. Detailed information on Taipei City and the procedure of recruitment were reported elsewhere.[@R27] Participants were recruited through local advertisements and neighbourhood broadcasts. Interested individuals contacted the recruiters or neighbourhood representatives.

First, a structured questionnaire, including questions on demography, lifestyle behaviours and presence/absence of chronic diseases, was administered to each participant by trained interviewers. Furthermore, each participant underwent a physical function test (interpretation later). Then, participants were asked to wear an accelerometer (wGT3X-BT, ActiGraph, LLC, Pensacola, FL, USA) on the right side of their waist for seven consecutive days.[@R28] Every participant who completed the questionnaire, physical function tests and the accelerometer portion of this study received a convenience store voucher worth US\$7.

In all, 170 participants completed the questionnaire and underwent the on-site examination of physical function by a team of trained research assistants. Of these, 22 participants declined to wear the accelerometer. Therefore, 148 participants were engaged in an on-site examination and wore an accelerometer for 7 days. Thereafter, incomplete or missing data on sociodemographic variables and/or physical performance were excluded (n=21). Ultimately, 127 participants were included in the analysis. [Figure 1](#F1){ref-type="fig"} presents a flow diagram of the study recruitment process.

![The flow of participants in this study.](bmjopen-2019-034645f01){#F1}

Patient and public involvement {#s2-2}
------------------------------

No patient was involved in the design or conduction of this community-based cross-sectional study. The public was not involved in the study design or recruitment. Older adults consented to participate, knowing that they would receive their summary health report after the assessment visit.

Measures {#s2-3}
--------

### PA and procedures {#s2-3-1}

PA was measured with ActiGraph monitors (wGT3X-BT). The validity of this device for the measurement of PA in samples of older adults has been established.[@R29] The participants were asked to wear the accelerometer on the right side of their waist, positioned above the right hip.[@R28] Each participant personally received the device and an explanation regarding its use. Raw data collected from the movements registered on the vertical axis were divided into 60 s timeframes.[@R28] Participants were asked to remove the device before showering or swimming. Additionally, we provided a diary to each participant and asked them to report their daily bedtime and waking time, and record when and why the wGT3X-BT accelerometer was removed. Then, we coded the sleep duration through each participant's sleep onset and offset times, and used algorithms built into the ActiLife software.[@R30] Finally, we categorised sleeping time as non-wear time. Non-wear time was described as periods of 60 or more continuous minutes of zero counts (indicating no lateral movement).[@R28] The accelerometer data were considered valid for a minimum of 4 days (3 weekdays and 1 weekend day), and at least ≥10 hours of each day were recorded for analysis.[@R28]

The basic definition of PA was ≥100 counts/min, with further differentiation to identify LPA (100--2019 counts/min), MVPA (≥2020 counts/min) and the number of 10 min MVPA bouts (deﬁned as at least 10 min where the accelerometer registered ≥2020 counts/min).[@R31] The number of 10 min MVPA bouts was the smallest unit considered to contribute adequately to the recommended 30 min on most days.[@R32]

### Physical function {#s2-3-2}

Physical function was assessed according to five specified measures, including handgrip strength (upper body strength), single-leg stance test (standing balance), 5-metre walk test, timed up and go test (mobility) and sit-to-stand test (lower body strength), which have been validated for physical function evaluation in an older population.[@R33] The procedures followed for each test were as follows:

#### Handgrip strength {#s2-3-2-1}

Handgrip strength was measured in kilograms using the Jamar Plus+Digital Hand Dynamometer (Lafayette Instrument Company, Lafayette, IN, USA). The participants were instructed to sit on a straight-back chair and hold the device in both hands with arms parallel to the body.[@R34] Then, the participants were asked to squeeze the dynamometer using maximum force. Each participant was asked to perform this action three times with a 1 min gap between attempts, and the best performance was used in the analysis. This test is a valid and reliable way to assess handgrip strength in older adults.[@R35]

#### Single-leg stance test {#s2-3-2-2}

This test performed with eyes open is a valid assessment of standing balance function.[@R36] A timer was used to record the time until participants lost their balance or reached a maximum of 60 s. Participants were asked to perform two trials, and the better performance was used in the analysis.

#### 5-Metre walk test {#s2-3-2-3}

This test, which measures gait speed, involves the individual walking 5 m in the middle of an 11-metre course at his or her fastest pace. The initial and final 3 m allow for acceleration and deceleration, respectively. Each participant was asked to perform one trial. The 5-metre walk test is a reliable and valid indicator of mobility function in older adults.[@R37]

#### Timed up and go test {#s2-3-2-4}

This test measures the ability to walk with a dynamic balance.[@R38] We instructed the participants to get up from a standard chair and then pace for a distance of 3 m, return to the chair and sit down as fast as they could. The participants were asked to perform two trials, and the fastest time was used in the analysis.

#### Sit-to-stand test {#s2-3-2-5}

The test is used to evaluate lower-limb functional strength.[@R39] Participants were asked to rise from the chair (46 cm high and armless) to a full standing position and then return to a seated position as quickly as possible for five repetitions. The total time taken for five repetitions was calculated for our analysis.

Covariates {#s2-4}
----------

We used interviewer-administered questionnaires to assess the covariates, which included sociodemographic characteristics and health status, based on previous studies.[@R5] The covariates were age, marital status (married or unmarried), living status (alone or with others), educational level (university or up to high school), job status (full time or part time), smoking status, alcohol consumption, healthy diet status, hypertension status, blood lipid levels, diabetes status, depression status and body mass index (BMI). BMI was calculated using self-reported weight and height, and was categorised into normal weight (\<24 kg/m^2^) and overweight (≥24 kg/m^2^), based on the recommendations for the Asian population.[@R40] Moreover, sedentary time and accelerometer wear time were included as covariates as they could confound the analysis of PA and health outcomes in older adults.[@R21]

Statistical analyses {#s2-5}
--------------------

The analysis included data of 127 participants. The χ^2^ test and an independent t-test were used for proportional and continuous variables, respectively. Significant interactions were observed between gender and each of the accelerometer's PA variables: total PA time (*F*=4.466, p=0.037), daily LPA time (*F*=11.645, p=0.001), daily MVPA time (*F*=15.979, p=0.001), daily step counts (*F*=4.056, p=0.046) and number of 10 min MVPA bouts (*F*=6.884, p=0.028). Because physical function variables were skewed, they were further log-transformed. Similar to a previous review,[@R41] forced-entry multiple linear regression models were performed for investigating gender differences and the extent to which objectively assessed PA (total PA time, daily MVPA time, daily LPA time, daily step counts and the number of 10 min MVPA bouts) was associated with physical function after adjusting for potential confounders. Furthermore, we examined the degree of multicollinearity between the studied variables by checking their variance inflation factors (VIFs), with a value above 10 indicating high multicollinearity.[@R42] In sensitivity analyses, we performed a stepwise omission of variables with the highest VIF from the regression models to confirm the robustness of our results to the small sample size. R-squared was calculated to evaluate the explanatory power of different models (presented in the [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}).[@R43] We used IBM SPSS V.23.0 for all statistical analyses. The significance level was set at p\<0.05.
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Results {#s3}
=======

Participant characteristics {#s3-1}
---------------------------

[Table 1](#T1){ref-type="table"} depicts the basic characteristics of the entire sample stratified by gender. In all, 127 participants (36 older men and 91 older women) were analysed. Their mean age was 70.8±5.3 years. Overall, 78.0% of the participants had an educational level of up to high school, 66.1% were married, 89.0% lived with family or others and 96.9% had part-time jobs. Regarding health behaviours, 5.5% of the participants were smokers, 7.9% drank alcohol and 26.0% had unhealthy diets. The independent t-test showed that, on average, the male participants (mean age=69.4±3.8 years) were younger than their female counterparts (mean age=71.3±5.7 years). The χ^2^ test showed that older men were more likely to be married and living with others, while older women were more likely to be non-smokers.

###### 

Demographic characteristics of study participants

  -------------------------------------------------------------------------------------
  Variables                     Total sample\   Older men\   Older women\   P value
                                (n=127)         (n=36)       (n=91)         
  ----------------------------- --------------- ------------ -------------- -----------
  Age (M±SD)                    70.8±5.3        69.4±3.8     71.3±5.7       **0.042**

  Educational level (%)                                                     

   University                   22.0            27.8         19.8           0.327

   Up to high school            78.0            72.2         80.2           

  Marital status (%)                                                        

   Married                      66.1            88.9         57.1           **0.001**

   Not married                  33.9            11.1         42.9           

  Living status (%)                                                         

   Living with others           89.0            100          84.6           **0.013**

   Living alone                 11.0            0            15.4           

  Employment (%)                                                            

   Full-time job                3.1             0            4.4            0.201

   Part-time job                96.9            100          95.6           

  Smoking (%)                                                               

   Yes                          5.5             13.9          2.2           **0.009**

   No                           94.5            86.1         97.8           

  Alcohol drinking habit (%)                                                

   Yes                          7.9             13.9         5.5            0.113

   No                           92.1            86.1         94.5           

  Healthy diet (%)                                                          

   Yes                          74.0            80.6         71.4           0.291

   No                           26.0            19.4         28.6           

  Depression (%)                                                            

   Yes                          15.0            8.3          17.6           0.188

   No                           85.0            91.7         82.4           

  Diabetes (%)                                                              

   Yes                          18.9            22.2         17.6           0.547

   No                           81.1            77.8         82.4           

  Hypertension (%)                                                          

   Yes                          39.4            44.4         37.4           0.462

   No                           60.6            55.6         62.6           

  High blood lipid levels (%)                                               

   Yes                          29.9            30.6         29.7           0.922

   No                           70.1            69.4         70.3           

  BMI (kg/m^2^) (M±SD)          24.2±3.4        24.4±3.3     24.1±3.4       0.658

   Normal weight (%)            52.0            50           52.7           0.780

   Overweight (%)               48.0            50           47.3           
  -------------------------------------------------------------------------------------

BMI, body mass index.

Gender differences in total amounts and patterns of objectively assessed PA and physical function {#s3-2}
-------------------------------------------------------------------------------------------------

[Table 2](#T2){ref-type="table"} depicts the gender differences in objectively assessed PA and physical function. The independent t-test indicated no difference in accelerometer wear time between older men and women. Regarding the amount and patterns of PA, older men had significantly less daily total PA and LPA and more daily MVPA, step counts and 10 min MVPA bouts than older women. Older men and women performed similarly on each of the physical function tests, but older men had higher handgrip strength than older women (men=33.2528±6.517, women=21.4281±3.453, p\<0.0001). The mean±SD of accelerometer wear time was 905.744±109.454 (15.1 hours) min/day for older men and 925.339±73.153 (15.4 hours) min/day for older women.

###### 

Total amounts and patterns of objectively assessed physical activity and physical function among older men and women

  Older men (n=36)                      Older women (n=91)    P value               
  ------------------------------------- --------------------- --------------------- -------------
  Accelerometer variables                                                           
   Wear time (min/day)                  905.744 (109.454)     925.339 (73.153)      0.327
   Total PA time (min/day)              292.007 (90.338)      326.434 (79.592)      **0.037**
   Daily LPA time (min/day)             255.270 (84.981)      306.907 (73.449)      **0.001**
   Daily MVPA time (min/day)            36.736 (27.779)       19.527 (19.076)       **0.001**
   Daily step counts (steps/day)        8408.938 (4051.721)   7078.991 (3034.208)   **0.046**
   No. of 10 min MVPA bouts (no./day)   1.756 (1.482)         1.145 (1.042)         **0.028**
  Physical function                                                                 
   Handgrip strength (kg)               33.253 (6.517)        21.428 (3.453)        **\<0.001**
   Single-leg stance test (s)           39.577 (23.760)       34.7460 (23.028)      0.296
   5-Metre walk test (s)                2.893 (1.081)         3.110 (0.711)         0.190
   Timed up and go test (s)             7.132 (2.903)         7.200 (1.824)         0.875
   Sit-to-stand test                    7.541 (2.160)         7.448 (2.698)         0.855

10 min MVPA bouts were defined as periods of at least 10 min with ≥2020 counts/min. P\<0.05.

LPA, light physical activity; MVPA, moderate-to-vigorous physical activity; PA, physical activity.

Multiple linear regression analysis between amounts and patterns of objectively assessed PA and physical function among older men and women {#s3-3}
-------------------------------------------------------------------------------------------------------------------------------------------

[Table 3](#T3){ref-type="table"} depicts the associations of objectively assessed PA with physical function among older men and women. After adjusting for potential confounders, daily MVPA time was positively related to handgrip strength (β: 0.39, 95% CI: 0.12, 0.64; p=0.004) and time taken for the single-leg stance test (β: 0.25, 95% CI: 0.02, 0.49; p=0.036) in older women. The number of 10 min MVPA bouts was also positively associated with handgrip strength (β: 0.27, 95% CI: 0.001, 0.53; p=0.049) in older women. Furthermore, daily step counts were positively related to handgrip strength (β: 0.46, 95% CI: 0.12, 0.78; p=0.009) and time on the 5-metre walk test (β: −0.31, 95% CI: −0.57, −0.001; p=0.049) in older women. Among older men, none of the variables of the objectively assessed PA patterns was significantly associated with physical function outcomes. However, there were 36 men and 91 women in this study; therefore, sampling bias and its distribution might have underestimated the present results.

###### 

Associations of objectively assessed physical activity with physical function among older men and women

  Variables                    Handgrip strength        Single-leg stance test   5-Metre walk test       Timed up and go test   Sit-to-stand test                                                                          
  ---------------------------- ------------------------ ------------------------ ----------------------- ---------------------- --------------------------- ----------- --------------------- ------ --------------------- ------
  Older men\*                                                                                                                                                                                                               
   Total PA time               0.07 (−0.39, 0.53)       0.75                     0.23 (−0.23, 0.68)      0.31                   −0.24 (−0.64, 0.17)         0.23        −0.30 (−0.69, 0.10)   0.14   −0.13 (−0.78, 0.52)   0.69
   Daily MVPA time†            0.07 (−0.31, 0.45)       0.70                     0.23 (−0.15, 0.59)      0.23                   −0.24 (−0.57, 0.08)         0.13        −0.19 (−0.51, 0.14)   0.24   0.05 (−0.50, 0.60)    0.85
   Daily LPA time‡             0.03 (−0.44, 0.51)       0.89                     0.11 (−0.35, 0.57)      0.63                   −0.11 (−0.51, 0.29)         0.58        −0.19 (−0.59, 0.21)   0.34   −0.14 (−0.82, 0.54)   0.66
   Daily step counts†          0.04 (−0.44, 0.51)       0.87                     0.16 (−0.32, 0.63)      0.50                   −0.19 (−0.60, 0.22)         0.35        −0.09 (−0.50, 0.32)   0.66   0.30 (−0.36, 0.96)    0.36
   No. of 10 min MVPA bouts†   −0.22 (−2.63, 0.20)      0.29                     −0.15 (−0.57, 0.28)     0.49                   −0.03 (−0.41, 0.35)         0.87        0.06 (−0.31, 0.43)    0.74   0.45 (−0.12, 1.02)    0.12
  Older women                                                                                                                                                                                                               
   Total PA time               0.21 (−0.10, 0.52)       0.19                     0.06 (−0.21, 0.33)      0.67                   −0.11 (−0.36, 0.16)         0.44        −0.15 (−0.42, 0.13)   0.31   −0.23(−0.54, 0.10)    0.17
   Daily MVPA time†            **0.39 (0.12, 0.64)**    **0.004**                **0.25 (0.02, 0.49)**   **0.036**              −0.12 (−0.36, 0.11)         0.29        −0.13 (−0.37, 0.12)   0.32   −0.22 (−0.49, 0.05)   0.11
   Daily LPA time‡             0.03 (−0.27, 0.32)       0.86                     −0.04 (−0.01, 0.42)     0.77                   −0.04 (−0.30, 0.22)         0.77        −0.09 (−0.36, 0.20)   0.56   −0.11(−0.42, 0.21)    0.51
   Daily step counts†          **0.46 (0.12, 0.78)**    **0.009**                0.26 (−0.04, 0.55)      0.09                   −**0.31 (−0.57, −0.001)**   **0.049**   −0.20 (−0.50, 0.12)   0.22   −0.35 (−0.70, 0.01)   0.05
   No. of 10 min MVPA bouts†   **0.27 (0.001, 0.53)**   **0.049**                −0.07 (−0.31, 0.16)     0.54                   −0.10 (−0.31, 0.14)         0.43        −0.06 (−0.30, 0.18)   0.64   −0.09 (−0.37, 0.19)   0.52

Adjusted for age, marital status, living status, educational level, job status, smoking, alcohol consumption, healthy diet, self-reported hypertension, high blood lipid levels, diabetes, depression, body mass index and accelerometer wear time.

\*Job status and living status excluded in adjusting the model for older men. 10 min MVPA bouts were defined as periods of at least 10 min with ≥2020 counts/min. P\<0.05.

†Adjusted for the covariates above plus sedentary time.

‡Adjusted for the covariates above plus MVPA time.

β, standardised regression coefficients; LPA, light physical activity; MVPA, moderate-to-vigorous physical activity; PA, physical activity.

Additionally, the results of the sensitivity analyses of the association between objectively assessed PA and physical function among older men and women are presented in the [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}. The stepwise-omitted variables showing the highest VIF, similar results across different adjusted models and the final adjusted model with the largest explanatory power constituted the main analyses.

Discussion {#s4}
==========

This study on Taiwanese older adults aged 65--87 years and living in the community aimed to assess various aspects of PA (total PA, LPA, MVPA, number of 10 min MVPA bouts and walking steps) using objective measures of physical function. The main finding of this study is that more time spent on daily MVPA or at least 10 min MVPA bouts were associated positively with higher handgrip strength among older women. More time spent on daily MVPA was also associated with single-leg balance capacity after adjustment for multiple confounding variables, including accelerometer wear time and sedentary time. Notably, a higher daily step count was related to better handgrip strength and gait speed among older women. Previous studies have shown that poor physical function is predictive of disability,[@R44] falls[@R2] and premature death[@R33] among older adults. These findings may be critical in informing health-promotion professionals and practitioners, as well as encouraging PA and preventing the deterioration of physical function, especially among older women.

A previous study indicated that PA bouts of at least 10 min are related to lower risks of obesity and functional limitations among older adults.[@R45] Nevertheless, there is a lack of data showing whether physical function benefits from increased bouts of 10 min MVPA or whether it is the total amount of PA that is critical or the pattern in which it is accumulated. Our study provides substantial evidence for the finding that accumulated daily MVPA time is associated with improved upper body strength and standing balance performance. Concurrently, more prolonged and continuous MVPA bouts (≥10 min) were also associated with better handgrip strength, but not as strongly as time spent on MVPA. This finding is consistent with previous studies[@R9] and supports current PA guidelines for older adults suggesting that aerobic MVPA should be performed in bouts of not less than 10 min to gain health benefits.[@R46] This study implies that accumulated long MVPA bouts and daily MVPA time may both be significant in the maintenance of older women's physical function, specifically their handgrip strength. Our result is also consistent with previous studies using a pedometer.[@R5] We found that triaxial accelerometer-assessed daily step counts were positively related to handgrip strength and mobility (walking speed) among older women, after adjusting for wear time and sedentary time. This suggests the importance of accumulating steps in everyday life in this population. In this study, the mean step count among older women was 7078 steps/day (median, 6991 steps/day) ([table 2](#T2){ref-type="table"}). This supports previous reviews, indicating that approximately 7000--8000 steps/day may reap health benefits.[@R47] According to a previous study, the risk of mortality progressively decreased before levelling at approximately 7500 steps/day.[@R15] Therefore, as mentioned previously, our findings may have significant implications for policymakers or PA intervention designers regarding the development of effective strategies to improve specific aspects of PA to prevent physical function decline in older women.

Another important finding of our study is that there are gender differences in the relationship between accelerometer-assessed PA and physical performance, which is consistent with previous studies.[@R17] This study showed that each PA pattern was not related to each physical function test in older men. Several possible reasons can explain these differences. First, older men and women in Taiwan have distinct gender roles and lifestyle patterns. For example, more often than not, older women rather than men take on household and family-related responsibilities, which may contribute to several short bouts of PA in daily life. These fragmented daily PAs are important for physical functional performance in older adults.[@R24] Hence, our results showed that older women tended to have lifestyle patterns involving extended periods of LPA, less daily MVPA time and lower long-bout MVPA ([table 2](#T2){ref-type="table"}) than older men. Second, this difference may be explained by the fact that older women have less skeletal muscle mass and density compared with older men.[@R49] Evidence from a large sample indicated that the prevalence of disability increased with age, but older women experienced a higher rate of disability than older men across all age groups.[@R44] Although the association between PA and physical function may be stronger in older women than in older men, the relationship between daily MVPA time and single-leg stance test seems similar among them. For example, the association between daily MVPA time and single-leg stance was 0.23 and 0.25 for older men and women, respectively ([table 3](#T3){ref-type="table"}). If the sample had included more older men in the study to match the sample size of older women (n=91), then the 95% CI would have been 0.23±1.96\*(0.26−(−0.15))/(3.92\*sqrt(91/36))=(0.10, 0.36) and would display a significant p value (\<0.05). Simply using p values to infer the relationship between PA and physical functions may have underestimated the results of older men, especially in a small sample size. Thus, future studies are warranted to confirm these results.

The prime strength of this study is that it is the first in Taiwan to examine a comprehensive range of objectively assessed PA patterns, from daily time spent on total PA, LPA, MVPA, MVPA bouts of at least 10 min and daily walking steps to gender differences and their associations with physical function. Few studies have concurrently considered these factors in samples of older Asian adults. Moreover, our study goes beyond existing studies, which separately investigated total PA, MVPA or LPA volumes,[@R13] only examining lower-limb performance outcomes,[@R13] rather than different types of PA of specific intensities, or did not examine the association of the frequency of long-bout MVPA with multiple physical function components (mobility, upper and lower-limb strength and balance). Moreover, unlike previous studies, our study adjusted for several general confounding factors, such as sociodemographic factors and mental health (depression status). Likewise, accelerometer-related confounders were also included (wear time and sedentary time). However, other potential confounders, such as frailty status, which could have contributed to some associations, were not considered.

This study has several limitations. First, the cross-sectional design could limit causal inferences regarding the relationship between PA and physical function. Second, although this study elicits walking step counts generated from wearable devices, the previous study mentioned that the ActiGraph GT3X+ device might underestimate the steps in older adults, especially with slower gait speeds.[@R50] Thus, a direct comparison of steps measured by different devices may be appropriate. Third, the number of male participants was low. A well-designed large-scale representative sample is needed to assess PA patterns associated with specific physical function benefits in older men. Moreover, cultural norms and self-esteem could explain this gap. Engagement in neighbourhood PA groups is more positive for older women than older men, which discourages Taiwanese older men from participating in PA or health-related programmes. Fourth, due to a potential selection bias, caution should be exercised when interpreting the results. This study also used convenience sampling to select participants that were relatively healthy and, therefore, more willing to participate than others in this population. Consequently, the findings of our study cannot represent the general older population in Taiwan.

Conclusions {#s5}
===========

The present study suggests that among older women, spending time on daily MVPA, particularly at least 10 min bouts of MVPA and daily walking steps is independently associated with better handgrip strength performance regardless of sedentary time, accelerometer wear time and other confounders. Our findings also suggest that among older women, daily MVPA time and accumulated daily walking steps are likely to improve standing balance and mobility, respectively, regardless of sedentary time, accelerometer wear time and other confounders. Therefore, promoting daily MVPA, long bouts of MVPA and daily walking steps among older women should be prioritised to improve physical function capacity and independence.
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